The effects of lung resection on exercise capacity and perception of symptoms were studied in 47 patients aged 39-73 (mean 58 3) years. Twenty had a pneumonectomy and 27 a lobectomy, all for lung cancer. Forced expiratory volume, maximal inspiratory and expiratory pressures, and progressive maximal one minute incremental cycle ergometer exercise performance were measured before and after surgery. Breathlessness and leg discomfort were assessed with a modified Borg scale (0-10). Mean FEVy decreased from 79% (SD 22%) to 53% (11%) of the predicted value after pneumonectomy and from 89% (22%) to 74% (18%) after lobectomy. Exercise capacity, measured as the highest work load completed, Wmax, decreased from 78% (25%) to 58% (28%) predicted in the pneumonectomy group and from 77% (21%) to 67% (20%) in the lobectomy group. There was only a weak relation between changes in FEVy and changes in Wmax (r = 0 54, r2 = 0-30). The slope of the relation between the intensity of dyspnoea and work load or the intensity of dyspnoea and ventilation increased significantly after pneumonectomy, but not after lobectomy. Leg discomfort increased more rapidly when related to work load after both pneumonectomy and lobectomy. After resection dyspnoea was rarely the only limiting factor at maximal exercise. It is concluded that (1) change in FEV1 is a poor predictor of change in exercise capacity after lung resection; (2) pneumonectomy results in a 25% decrease in Wmax and in an appreciable increase in dyspnoea during exercise; (3) lobectomy has little or no effect on Wmax or the intensity of postoperative dyspnoea; (4) after both pneumonectomy and lobectomy leg discomfort makes an important contribution to exercise limitation.
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Surgery is the recommended treatment for lung cancer whenever possible. Resection of lung parenchyma decreases ventilatory capacity and may reduce the patient's ability to tolerate exercise and thus affect his quality of life. Previous studies have evaluated the changes in exercise capacity after lung resection; but these studies did not always include preoperative assessments,'-3 and many included patients with tuberculosis, some of whom had had a previous thoracoplasty. 4 Only one study has examined the changes in maximum ventilation after pneumonectomy, using a similar assessment before and after surgery,7 and only one study has examined the effects of lung resection on the perception of symptoms during exercise and its relation to exercise limitation and the assessment was qualitative.8 Quantification of these symptoms and an understanding of their aetiology are necessary for determining which treatment produces optimal functional capacity after lung resection.
In the present study we evaluated the effects of lung resection on (1) ventilatory and exercise capacity and (2) the intensity of symptoms (dyspnoea and leg discomfort) during exercise.
Methods

SUBJECTS
We studied prospectively 56 patients undergoing surgery for lung cancer. There were 49 men and seven women, aged 39-75 (mean 59 0) years. All were considered to have technically resectable tumours according to clinical, radiographic, and bronchoscopic criteria. Twenty four patients had a pneumonectomy and 32 a lobectomy. Nine patients were dropped from the study after the postoperative evaluation because of claudication (five patients), submaximal effort (1), thoracic pain (1), depression (1), and upper airway infection (1) (MVV) was calculated from the formula FEV, x 35.14 The heart rate response was analysed by a least square linear regression with the work load, expressed as % predicted, as the independent variable. We used this method because heart rate increases linearly with work load from rest to maximal exercise.'5 We calculated heart rate at 50% of the predicted maximal work load (HR50) from the regression equation.
The relation between (1) intensity of dyspnoea versus work load; (2) leg discomfort versus work load; (3) ventilation versus work load, and (4) the dyspnoea score and ventilation were analysed by the least square linear regression method with the second measure as the independent variable. To increase the linearity of the relation, only the points where the Borg score was above 0 were included. To take into account the interrelation between symptoms (breathlessness or leg discomfort) and work load, work load was normalised to calculate the intercept. For each relationship we then calculated the slope and the intercept for each subject and the mean and standard deviation was calculated for the pneumonectomy and the lobectomy group before and after operation. (20) after lobectomy, and from 78 (25) to 58 (28) predicted after pneumonectomy. This represents a mean decrease of 1200 from the preoperative value in the lobec- 
EFFECTS OF LUNG RESECTION ON SYMPTOMS
The mean relation between the intensity of 800 1000 dyspnoea and the work load for all subjects before and after pneumonectomy and lobectomy is shown in figure 2 . The slope increased after pneumonectomy (0-012 (SD 0 004) to 0-020 (0-007), p < 0-01) but not after lobectomy (0-013 (0 005) to 0-014 (0 007), p = NS).
The mean relation between the intensity of leg discomfort and the work load for each group is shown in figure 3 . There was an increase in slope after pneumonectomy (0-01 15 (0 005) to 0 0180 (0-008), p < 0-01) and after lobectomy (0014 (0004) to 0017 (0008), p <00 1). There was no change in the relation between ventilation and the work load, before and after operation, in either group. The slope of the relation between dyspnoea and ventilation was greater after pneumonectomy (0 175 (0-090) v 0-298 (0 140): fig 4) ; there were no significant changes after lobectomy.
After lung resection one of the 21 patients evaluable in the lobectomy group and four of 18 patients evaluable in the pneumonectomy group stopped exercise-because of dyspnoea only; a combination of the two symptoms (dyspnoea and leg discomfort) was the most frequent factor limiting exercise in both groups (fig 5) .
Discussion
In this study FEV, and exercise capacity 1.25 + 0.0 13x decreased significantly after lung resection.
.48 + 0.0 4x
The decrease in FEVy is in agreement with previous studies.'6 as expected, we observed a correlation between the changes in the two measurements,6 17 Work load (kpm/min)
A few points are open to criticism. The postoperative assessment was performed early after surgery. The fall in exercise capacity in our group is similar to that of a previous study, however, which indicated that a major underestimation in measurement is unlikely.'6 A previous study has shown that changes in pulmonary function (no exercise test was performed) were greatest in the first and second postoperative weeks and had returned to predicted normal values between the fourth and the sixth week after thoracotomy in patients undergoing segmental resection, though some patients had not yet completely returned to their preoperative value 10 weeks after operation. 8 None of our 47 patients was limited by thoracic pain during the postoperative evaluation.
The reproducibility of the cycle ergometer exercise test is not precisely known. One report showed 800 variability in two consecutive tests, '9 carried out during exercise (6-10Oo). We cannot eliminate a learning effect, but the agreement between the fall in exercise capacity observed in our subjects and those reported previously suggests that a learning effect was not important. The least squares linear regression method was used to analyse the effects of lung resection on symptoms. Previous studies have shown that the relation between symptoms and work load and between dyspnoea and ventilation are approximately linear.22
Dyspnoea increased significantly for a given work load after pneumonectomy whereas there was no significant change after lobectomy. Boushy et al reported that the number of patients who developed worsening dyspnoea after lobectomy and pneumonectomy was similar.8 They used only a semiquantitative evaluation of dyspnoea, however (a questionnaire on daily activities). Our study evaluated dyspnoea with the same scale throughout exercise.
The observation that patients undergoing pneumonectomy had an appreciable fall in respiratory reserve, as shown by the fall in the ratio Vmax:MVV, is probably not the only 3 + 0.0 1 35x factor contributing to the increase in the slope group.bmj.com on April 3, 2017 -Published by http://thorax.bmj.com/ Downloaded from exercise limitation, though the absence of significant changes in HR50 after pneumonectomy suggests that this was unlikely. One previous study showed indirect evidence of pulmonary hypertension several years after pneumonectomy ; no studies have looked at early haemodynamic changes after lung resection.
We conclude that the fall in FEV1 is a poor predictor of the fall in exercise capacity after lung resection. The intensity of dyspnoea for a given work load increases after pneumonectomy but not after lobectomy. This cannot be explained by a change in ventilation for a given work load. Despite the decreased ventilatory capacity, symptoms from the exercising peripheral muscles are an important limiting factor of exercise capacity and may contribute to disability and handicap after lung resection. 
